To assess intelligence and its relationship with blood phenylalanine concentrations and socioeconomic status in patients with phenylketonuria after 6 to 12 years of treatment.
Introduction
Phenylketonuria (PKU) is an autosomal recessive disease that causes mental retardation if left untreated. Treatment consists of a special diet, associated with an amino acid mixture that is either free from, or very low in, phenylalanine (Phe). 1, 2 Neonatal screening makes early diagnosis and treatment possible, which averts mental retardation that is of varying intensity, but irreversible. 2 The Center for Newborn Screening and Genetic Diagnostics (NUPAD -Núcleo de Ações e Pesquisa em Apoio Diagnóstico) from the Faculty of Medicine of the Federal Hospital das Clínicas (SEGHC -Serviço Especial de Genética do Hospital das Clínicas) at UFMG, in collaboration with NUPAD, is responsible for treating PKU in the Brazilian state of Minas Gerais, which has an incidence of approximately 1/21,000 newborn infants. 3 Cognitive assessment is necessary even when PKU patients have received treatment early, since intellectual performance may be affected and scores for certain areas may be lower. 4 There are reports of an association between blood Phe concentration and intellectual capacity and academic performance. [4] [5] [6] The majority of these studies enrolled small numbers of patients and compared them with healthy controls and did not establish relationships between Phe concentrations and socioeconomic status and patients' performance in intelligence tests. Gerais, which has around 19 million inhabitants.
Patients and methods
Seventy 6 to 12-year-old phenylketonuria patients treated at SEGHC were invited to take part in the study. Inclusion criteria were: patients receiving treatment at SEGHC, who had started treatment within 90 days;
were free from other diseases that compromise cognitive development; and whose parents or legal guardians signed free and informed consent forms.
The exclusion criteria were no free and informed consent form; child unwilling to take part; and missing Phe test result information for patients transferred from other services.
Sixty-three patients met both sets of criteria and took part in the study. There was no sample size calculation because the study took in all patients on treatment in Minas Gerais state.
Intelligence was assessed using the Wechsler Intelligence Scale for Children (WISC-III), which provides an overall IQ, a verbal IQ and a performance IQ. 7 A socioeconomic assessment developed by the Social Work Department of the Psychology Clinic at the Universidade de São Paulo's Institute of Psychology was also administered. 8 The SEGHC protocol specifies weekly Phe tests for the first 6 months of life, fortnightly tests from 6 to 12 months and monthly tests thereafter. From 2 years onwards the monthly tests can be reduced to bimonthly, depending on adherence to treatment.
Treatment was classified into one of three categories on the basis of mean total Phe concentration (in µmol/L) and age in years: An ordinal logistic regression model was used to assess associations between intellectual performance, Phe concentrations and socioeconomic status. The threshold for statistical significance was set at 5% (p < 0.05).
This study was approved by the Research Ethics
Committee at UFMG.
Results
The patients were classified as follows for overall intelligence: six (9.5%) were intellectually deficient; 11 (17.5%) were borderline; eight (12.7%) had medium-low intelligence; 25 (39.7%) had medium; four (6.3%) had medium-high; six (9.5%) had high; and three (4.8%) had very high intelligence.
Their verbal IQ scores were classified as follows: two (3.2%) were intellectually deficient; five (7.9%) were borderline; seven (11.2%) had medium-low verbal intelligence; 29 (46%) had medium; 10 (15.9%) had medium-high; four (6.3%) had high; and six (9.5%) had very high verbal intelligence.
According to their performance IQ scores, the patients were classified as follows: five (7.9%) were intellectually deficient; eight (12.7%) were borderline; 16 (25.4%) had medium-low performance intelligence; 23 (36.5%) had medium; eight (12.7%) had medium-high; two (3.2%) had high; and one (1.6%) had very high performance intelligence.
The socioeconomic assessment classified patients' families into the following categories: six (9.5%) were low status; 38 (60.4%) were low-upper; 18 (28.6%) mid-lower;
and one (1.6%) was middle status. None of the families were high socioeconomic status.
There was an association between children's Phe control classifications and their WISC-III overall IQ, verbal IQ and performance IQ results (Table 1) . Mean IQs were stratified. Children with adequate control had higher results for all three IQ scores than those with regular control and these in turn had higher results than those with inadequate control ( Table 1 ).
The ordinal logistic regression showed that children classified as regular according to Phe concentrations were 3.86 times more likely to have high or medium IQ than those classified as having inadequate control. Children classified as having adequate control were 4.29 times more likely to have high or medium IQ than those classified as having inadequate control. (Table 2 ).
Children from medium socioeconomic status families were 4.03 times more likely to have high or medium
IQ when compared to children from low socioeconomic status families (Table 2) .
Discussion
Neonatal screening demands constant reassessment of its own results. 9 The most important aspect in PKU cases is intelligence, since the primary objective of treatment is to prevent mental retardation. 10 We reviewed the literature and were unable to find another single-center study with a larger patient sample -only multicenter studies have investigated larger numbers of patients. 11 Specifically within Brazilian literature, we only found studies of specific aspects of intelligence, one of which was conducted at our own service; 5 but none of them had similar study designs.
We chose the WISC-III test because it is one of the most widely-used intelligence tests worldwide 6 and has been standardized and validated for the Brazilian population. 7 The socioeconomic questionnaire was chosen because it is simple and easy to administer and does not lack any of the relevant data. showing that higher socioeconomic status was associated with greater likelihood of good scores have also been observed by Azen et al., 11 demonstrating that this factor contributes to intellectual capacity.
The ordinal logistic regression also showed that children with good control were more likely to score higher on the intelligence tests. This was also detected in a review article by Waisbren et al. 15 who state that excess Phe can compromise information processing, which is a capacity that is directly associated with general intelligence.
While many questions related to the study of intelligence in phenylketonuria patients remain to be answered, this study has demonstrated the role that treatment has to play in prevention of moderate and severe mental retardation and the influence that control of blood Phe levels and socioeconomic status have on the cognitive development of these patients.
